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(57) Abstract: Method and apparatus for enhancing inertia! tactile feedback in computer interface devices having an increased 
mass, such as wireless devices having the increased mass due to batteries or other power storage elements. A haptic feedback control 
device is in communication with a host computer and includes a housing (310), a sensor device (302) that detects movement of a 
manipulandnm or the housing (310), an actuator (308) that outputs an inertial force transmitted through to said user by moving an 
inertia) mass, and a component, such as a power storage element coupled to the housing (3 10) to provide power to the actuator (308). 
The component or power storage element is inertially decoupled from the housing (310) to reduce the mass of the haptic feedback 
device with respect to the inertial mass, thereby allowing stronger haptic sensations to be experienced by the user for a given size of 
the inertial mass. 
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BACKGROUND OF THE INVENTION 

The present invention relates generally to interface devices for allowing humans to 
interfece with computer systems, and more particularly to low-cost computer interface devices 
that allow the user to provide input to computer systems and allow computer systems to provide 
haptic feedback to the user. 



A user can interact with an environment displayed by a computer to perform functions 
10 and tasks on the computer, such as playing a game, experiencing a simulation or virtual reality 
environment, using a computer aided design system, operating a graphical user interface (GUI), 
navigate web pages, etc. Common human-computer interfece devices used for such interaction 
include a mouse, joystick, trackball, gamepad, steering wheel, stylus, tablet, pressure-sensitive 
sphere, or the like, that is connected to the computer system controlling the displayed 
environment In other applications, interfece devices such as remote controls allow a user to 
interfece with the functions of an electronic device or appliance. 

In some interface devices, kinesthetic force feedback and/or tactile feedback is also 
provided to the user, more generally known collectively herein as "haptic feedback." These 
types of interface devices can provide physical sensations which are felt by the user manipulating 
20 the interfece device. One or more motors or other actuators are coupled to the housing or a 
manioulandum of die interface device, where the computer system directly or indirectly controls 

XT 

forces in conjunction and coordinated with displayed events and interactions by sending control 
signals or commands to the actuators. The computer system can thus convey physical force 
sensations to the user in conjunction with other supplied feedback as the user is grasping or 
25 contacting the interfece device or manipulandum of the interfece device. 

One implementation for providing tactile feedback uses an inertia! mechanism in the 
interfece device to move an inertial mass, thereby providing inertial forces and sensations to the 
user contacting the interface device. Spinning mass actuator assemblies and linear-moving mass 
actuator assemblies, for example, can be used to provide inertial force sensations by creating 
30 forces with respect to the moving inertial mass. By moving the inertial mass with an actuator 
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that is coupled to the housing of the computer peripheral, resultant forces are applied to the 
housing of the computer peripheral that are felt by Ihe user. The intensity of the resultant force 
sensations is affected by relative size of the inertial mass as compared to the size/mass of the 
entire interface device. Thus, if the inertial mass is large and the rest of the interface device is 
5 very light, the resultant forces felt by the user are strong. likewise, if the inertial mass is very 
small compared to the mass of the rest of the interface device, the resultant forces felt by the user 
will not be as strong. To reduce the production cost of the interface device, there is incentive to 
save power expended by the actuator and me size of the interface device; thus, there is an 
incentive to make the inertial mass as small as possible. However, it can be difficult to make the 
10 mass of the rest of the interface device small enough so that the forces resulting from a small 
mass are strong enough for compelling tactile feedback, due to other components required by the 
interface device that restrict how light the device can be made. 

One component that may prevent an interface device from having a very low mass is a 
battery or other power storage element that supplies power to the device for its operation. 
15 Wireless interface devices, in particular, depend on one or more batteries to power the 
components of the interface device and to enable communication between the interface device 



unit, 



tents such as rechargeable batteries tend to be 
►nents, and add significant weight to the system. 
This added mass reduces the effectiveness of the inertial feedback actuator, as explained above, 
20 and creates a barrier to employing low-cost inertial haptic feedback in wireless computer 
peripherals, wireless handheld computers, and other interface devices having batteries or 
otherwise having an increased mass. 
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SUMMARY OF THE INVENTION 

The present invention is directed to methods and apparatus for enhancing inertial tactile 
feedback in computer interface devices having an increased mass, such as wireless devices 
5 having the increased mass due to batteries or other power storage elements. 

More specifically, the present invention relates to a haptic feedback control device in 
communication with a host computer implementing a host application program. The device, 
such as a gamepad or mouse, includes a housing that is physically contacted by the user, a sensor 
device that detects movement of a manipulandum or the housing and outputs sensor signals, an 

10 actuator that outputs an inertial force transmitted through said housing to said user, where the 
inertial force is generated by moving an inertial mass, and a power storage element is coupled to 
the housing and provides power to the actuator. The power storage element is inertially 
decoupled from the housing to reduce the mass of the haptic feedback device with respect to the 
inertial mass, thereby allowing stronger haptic sensations to be experienced by the user for a 

15 given size of the inertial mass. 

In one embodiment, the power storage element is at least one battery that is coupled to 
the housing by a compliant layer or member. The compliant layer or member can be a layer of 
foam coupled between the battery and housing, a spring member, or other type of member. An 
attachment member can be coupled between layer and battery, where the battery may be 
20 detached from the attachment member by the user. In some embodiments, the sensor signals are 
provided to the host computer via wireless transmission, where the haptic feedback device 
receives information from the host via wireless reception. The wireless transmission and 
reception is implemented via radio signals. The inertial mass can be oscillated linearly or 
rotated. 

25 In another embodiment, a haptic feedback device in communication with a host computer 

implementing a host application program. The device includes a housing contacted by the user, 
a sensor device detecting movement of a manipulandum or housing and outputting sensor 
signals, an actuator outputting an inertial force to the user contacting the housing by moving an 
inertial mass, and a component coupled to the housing by a compliant layer or member. The 

30 component is inertially decoupled from the housing to reduce the mass of the haptic feedback 
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device with respect to the inertial mass, thereby allowing stronger haptic sensations to be 
experienced by the user. The component can be a power storage element or other type of 
component in the interface device. A method of the present invention for providing haptic 
feedback to a user of an interface device includes similar features. 

5 The present invention advantageously provides a haptic feedback device having increased 

mass that provides inertial tactile sensations of minimally reduced strength to a user. Heavy 
components such as batteries are inertially decoupled from the interface device so that the mass 
of the heavy components does not significantly dampen the haptic sensations. This is especially 
advantageous to devices such as wireless interface devices, which require typically heavy 
10 batteries to provide power for their various functions. 

* 

These and other advantages of the present invention will become apparent to those 
skilled in the art upon a reading of the following specification of the invention and a study of the 
several figures of the drawing. 
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* 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a perspective view of a gamepad control suitable for use with the present 
5 invention; 

FIGURE 2 is a block diagram of a haptic feedback system suitable for use with the 
present invention; 

FIGURES 3 a and 3b are side elevation and top sectional views, respectively, of a 
gamepad device of the present invention; 

10 FIGURES 4 is a perspective view of an example of an actuator assembly suitable for use 

with the present invention; 

FIGURE 5 is a perspective view of a mouse embodiment of the interface device suitable 
for use with the present invention; 

FIGURE 6 is a perspective view of another example of an actuator assembly suitable for 

* 

1 5 use with the present invention; and 

FIGURE 7 is a side elevational view of a different embodiment of the present invention 
in which a battery is used as an inertia! mass to provide inertia! tactile sensations. 
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DETAJT F.D DESCRIPTION OF PREFERRED EMBODIMENTS 

FIGURE 1 is a perspective view of one example of a haptic feedback system including 
an interface device 10 and host computer 12 for use with the present invention. The device 10 
5 can be used for interfacing a user with a computer generated environment implemented by the 
host computer 12. 

Interface device 10 of the described embodiment is in the form of a handheld 
controller, of similar shape and size to many "gamepads" currently available for video game 
console systems or personal computer systems. A housing 14 of the interface device 10 is 

1 0 shaped to easily accommodate two hands gripping the device at the gripping projections 16a and 
16b. hi the described embodiment, the user accesses the various controls on the device 10 with 
his or her fingers, hi alternate embodiments, the interface device can take a wide variety of 
forms, including devices that rest on a tabletop or other surface, stand-up arcade game machines, 
laptop devices or other devices worn on the person, handheld or used with a single hand of the 

15 user, etc., as described below. 

The controls on the gamepad device 10 can include a direction pad ("d-pad" or 
"joypad") 18 can be included on device 10 to allow the user to provide directional input to the 
host computer 12. In its most common implementation, the user can press down on one of the 
extensions 20 of the d-pad to provide a directional input signal to the host computer for the 
20 corresponding direction In some embodiments, haptic feedback such as tactile sensations can be 
output directly on the direction pad 18. 

One or more buttons 24 can also be provided on the surface of the housing 14 of the 
device 10. The user's hands have easy access to the buttons, each of which may be pressed by 
the user to provide a distinct input signal to the host computer 12. In some embodiments, one or 

25 more of the buttons 24 can be provided with tactile feedback similarly to the direction pad 18. 
One or more finger joysticks 26 can be included in device 10 that project out of the top surface 
of the housing 14 to be manipulated by the user in one or more degrees of freedom. For 
example, the user can grasp each of grips 16a and 16b of the device and use a thumb or finger to 
manipulate the joystick 26 in two (or more, if desired) degrees of freedom This motion is 

30 translated into input signals provided to the host computer 12, and can be different signals than 
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those provided by the direction pad 18. In other embodiments, a sphere can be provided instead 
of or in addition to the joystick 26. 

Other controls may also be placed within easy reach of the hands grasping the housing 
14. For example, one or more trigger buttons Can be positioned on the underside of the housing 

5 and can be pressed by the fingers of the user. Other controls can also be provided on various 
locations of the device 10, such as a dial or slider for throttle control in a game, a four- or eight- 
way hat switch, knobs, trackballs, a roller or sphere, etc. Any of these controls can also be 
provided with haptic feedback, such as tactile feedback. For example, embodiments of buttons, 
direction pads, and knobs having force feedback are described in U.S. Patent No. 6,154,201. 

10 The forces can be colocated such that the user feels the forces in the degree of freedom of 
movement of the button or direction pad; or, the button, direction pad, or other control can be 
provided with tactile sensations such as vibrations. 

Herein, any of the abovementioned controls and equivalents are referred to as a 
"manipulandum" or " manipulatable object" Such a term can include a button, a joystick, a 
IS direction pad, etc. 



20 



25 



30 



In the preferred embodiment, the housing 14 of the device 10 is provided with i 
sensations that are generated by an actuator assembly within the housing 14 of the device. The 
user experiences the inertial tactile sensations by gripping the extensions 16a and 16b or by 
otherwise contacting the housing 14. The actuators providing these sensations is described in 
greater detail below with respect to Fig. 2. m other embodiments, a moveable portion of the 
housing which is contacted by the user when the user operates the device can provide tactile 
feedback. 

Preferably, the interface device 10 communicates with the host computer 12 using a 
wireless communication system. For example, the device 10 can include a transmitter, such as 
radio frequency transmitter, that transmits sensor signals, or representations thereof, from the 
various controls on the device into the air. The host computer system 12 can include a receiver 
that picks up the transmitted signals so that the host computer can update a graphical 
environment or other r unning program based on the sensor signals. Furthermore, the device 10 
can include a receiver for receiving host commands and signals from the host computer 12, e.g. 
commands to cause haptic feedback, while the host 12 includes a transmitter for sending such 
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wireless signals. Other types of wireless communication may also be used, such as infrared, 
optical, etc. 

In alternate embodiments, interface device 10 is coupled to host computer 12 by a bus 
, • • i — i +,~ 0 o /^ntrimiinirntiftn media. For examnle. a serial interface 



interface 



■ lift 



infrared, 



Specific implementations can include Universal Serial Bus (USB), IEEE 1394 (Firewire), RS- 
232, or other standards. 

The interface device 10 includes circuitry necessary to report control signals to the host 
computer 12 and to process command signals from the host computer 12. For example, sensors 
can be used to report the direction pressed by the user for the direction pad 18. The device also 
preferable includes circuitry that receives command signals from the host and outputs tactile 
sensations in accordance with the command signals 



ibodiments, a separate, local microprocessor can be provided on the device to both report 
sensor data to the host and to carry out commands received from the host, such commands 
including, for example, the type of tactile sensation and parameters describing the commanded 
tactile sensation. The microprocessor can implement tactile sensations independently after 
receiving a host command by controlling the device actuators; or, the host can maintain a greater 
degree of control over the tactile sensations by controlling actuators more directly. In other 
embodiments, logic circuitry such as state machines provided on the device 10 can handle tactile 
sensations as directed by the host computer 12. Architectures and control methods that can be 
used for reading sensor signals and providing haptic feedback in the device 10 are described in 
greater detail in US Patent No. 5,734,373. 

Host computer 12 is preferably a video game console, personal computer, workstation, or 
other computing or electronic device. One of a variety of home video game systems, such as 
systems available from Nintendo, Sega, Microsoft, or Sony, a television "set top box" or a 
"network computer", etc. can be used. Alternatively, personal computers, such as an IBM- 
compatible or Macintosh personal computer, or a workstation, such as a SUN or Silicon 
Graphics workstation, can be used. Or, the host 12 and device 10 can be included in a single 
housing in an arcade game machine, portable or handheld computer, vehicular computer, or 
other device. Host computer system 12 preferably implements a host application program with 
which a user is interacting via peripherals and interface device 10. For example, the host 



8 



WO 02/059869 PCT/DS02/02317 

application program can be a video or computer game, medical simulation, scientific analysis 
program, operating system, graphical user interface, or other application program. 

The host application preferably displays graphical images of the environment on a 
display device included with the host computer, such as a display screen 34 (such as a television, 

5 flat panel display, CRT, etc.), 3D display goggles, projection device, etc. The software and 
environment running on the host computer 12 may be of a wide variety. For example, the host 
application program can be a video game, utility program, simulation, graphical user interface 
(GUI), Web page or browser that implements HTML or VRML instructions, scientific analysis 
program, virtual reality training program or application, word processor, or other application 

10 program that utilizes input from the interface device 10 and (in force feedback embodiments) 
outputs force feedback commands to the controller 10. For example, many game application 
programs include haptic feedback functionality and may communicate with the interface device 
10 using a standard protocol/drivers such as I-Force® or Touchsense™ available from 
Immersion Corporation of San Jose, California. Herein, computer 12 may be referred as 

15 displaying "graphical objects" or "entities." These objects are not physical objects, but are 
logical software unit collections of data and/or procedures that may be displayed as images by 
computer 12 on display screen 34, as is well known to those skilled in the art. A displayed 
cursor or a simulated cockpit of an aircraft might be considered a graphical object. 

In operation, the controls of interface device 10 are manipulated by the user, which 
20 indicates to the computer how to update the implemented application program(s). An electronic 
interface included in housing 14 of device 10 can couple the device 10 to the computer 12. The 
host computer 12 receives the input from the interface device and updates an application 
program in response to the input For example, a game presents a graphical environment in 
which the user controls one or more graphical objects or entities using the direction pad 18 
25 and/or other controls such as joystick 26 and buttons 24. The host computer can provide haptic 
feedback commands and/or data to the device 10 to cause haptic feedback to be output by the 



device 10. 

Many oilier types of interface devices can also be used with the present invention. For 
example, a handheld remote control device can be used, which the user grasps in one hand and 
30 manipulates controls to access the functions of an electronic device or appliance remotely by a 
user (such as a television, video cassette recorder or DVD player, audio/video receiver, Internet 
or network computer connected to a television, etc.). Other handheld devices or portable devices 
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may also benefit from the present invention, such as cell phones, portable computers or 
keyboards, personal digital assistants, touchpads or screens, game controllers, etc. A computer 
mouse can be used, where inertia] haptic sensations are provided on the mouse housing and the 
motion of the mouse housing in a workspace plane is tracked. A joystick handle can be provided 
with inertial haptic sensations, where the haptic sensations are output on the joystick handle as 
the sole haptic feedback or to supplement kinesthetic force feedback in the degrees of freedom of 
the joystick. Trackballs, steering wheels, styluses, rotary knobs, linear sliders, gun-shaped 
targeting devices, medical devices, grips, etc. can also make use of the present invention when 
providing haptic sensations. 



• lit 



usoaung one emDoaiment 01 a nap tic teedback system 
embodiments of the present invention and inclu ding a 
system. 



Host computer system 12 preferably includes a host microprocessor 100, a clock 102, a 
display screen 34, and an audio output device 104. The host computer also includes other well 
known components, such as random access memory (RAM), read-only memory (ROM), and 
input/output (I/O) electronics (not shown). Display screen 34 displays images of a game 
environment, operating system application, simulation, etc. Audio output device 104, such as 
speakers, is preferably coupled to host microprocessor 100 via amplifiers, filters, and other 
circuitry well known to those skilled in the art and provides sound output to user when an "audio 
event" occurs during the implementation of the host application program. Other types of 
peripherals can also be coupled to host processor 100, such as storage devices (hard disk drive, 
CD ROM drive, floppy disk drive, etc.), printers, and other input and output devices. Device 10 
is coupled to host computer system 12 by a bi-directional communication channel 20, which in 
the preferred embodiment is wireless as described above. 

Device 10 can include a local processor 110, which can be, for example, a 
microprocessor. Local processor 1 1 0 can optionally be included within the housing of device 1 0 
to allow efficient communication with other components of the mouse. Processor 1 10 is 
considered local to device 10, where "local" herein refers to processor 110 being a separate 
processor from any processors in host computer system 12. "Local" also preferably refers to 
processor 110 being dedicated to haptic feedback and sensor I/O of device 10. Processor 110 
can be provided with software instructions (e.g., firmware) to wait for commands or requests 
" ' lost 12 » decode the command or request, and handle/control innut and outout 



nullify 
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signals according to the command or request. In addition, processor 110 can operate 
independently of host computer 12 by reading sensor signals and calculating appropriate forces 
from those sensor signals, time signals, and stored or relayed instructions selected in accordance 
with a host command. Suitable microprocessors for use as local processor 110 include the 
5 MC68HC71 1E9 by Motorola, the PIC16C74 by Microchip, and the 82930AX by Intel Corp., for 
example, as well as more sophisticated force feedback processors such as the Immersion 
Touchsense Processor. Processor 110 can include one microprocessor chip, multiple processors 
and/or co-processor chips, and/or digital signal processor (DSP) capability. 

Processor 110 can receive signals from sensor 112 and provide signals to actuator 

10 assembly 18 in accordance with instructions provided by host computer 12 over communication 
interface 20. For example, in a local control embodiment, host computer 12 provides high level 
supervisory commands to processor 1 10 over bus 20, and processor 110 decodes the commands 
and manages low level force control loops to sensors and the actuator in accordance with the 
high level commands and independently of the host computer 12. This operation is described in 

15 greater detail in US Patents 5,739,81 1 and 5,734,373, both incorporated by reference herein. In 
the host control loop, force commands are output from the host computer to processor 110 and 
instruct the processor to output a force or force sensation having specified characteristics. The 
local processor 110 reports data to the host computer, such as locative data that describes the 
position of a joystick or the device in one or more provided degrees of freedom. The data can 

20 also describe the states of buttons, direction pad, and safety switch 132. The host computer uses 
the locative data to update executed programs. In the local control loop, actuator signals are 
provided from the processor 110 to actuator assembly 18 and sensor signals are provided from 
the sensor 112 and other input devices 118 to the processor 110. Herein, the term 'tactile 
sensation" refers to either a single force or a sequence of forces output by the actuator assembly 

25 18 which provide a sensation to the user. For example, vibrations, a single jolt, or a texture 
sensation are all considered tactile sensations. The processor 110 can process inputted sensor 
signals to determine appropriate output actuator signals by following stored instructions. The 
microprocessor may use sensor signals in the local determination of forces to be output on the 
user object, as well as reporting locative data derived from the sensor signals to the host 

30 computer. 

In yet other embodiments, other hardware can be provided locally to device 1 0 to provide 
functionality similar to processor 110. For example, a hardware state machine incorporating 
fixed logic can be used to provide signals to the actuator assembly 18 and receive sensor signals 
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from sensors 112, and to output tactile signals according to a predefined sequence, algorithm, or 
process. Techniques for implementing logic with desired functions in hardware are well known 
to those skilled in the art. Such hardware can be better suited to less complex force feedback 
devices, such as the device of the present invention. 

5 In a different, host-controlled embodiment, host computer 12 can provide low-level force 

commands over bus 20, which are directly transmitted to the actuator assembly 18 via 
microprocessor 1 10 or other circuitry. Host computer 12 thus directly controls and processes all 
signals to and from the device 10, e.g. the host computer directly controls the forces output by 
actuator assembly 1 8 and directly receives sensor signals from sensor 112 and input devices 118. 

10 This embodiment may be desirable to reduce the cost of the force feedback device yet further, 
since no complex local processor 110 or other processing circuitry need be included in the 
device. Other embodiments may employ a iC hybrid" organization where some types of force 
effects (e.g. closed loop effects and/or high frequency effects) are controlled purely by the local 
processor, while other types of effects (e.g., open loop and/or low frequency effects) may be 

1 5 controlled by the host 

In the simplest host control embodiment, the signal from the host to the device can be a 
single bit that indicates whether to pulse the actuator at a predefined frequency and magnitude. 
In a more complex embodiment, the signal from the host could include a magnitude, giving the 
strength of the desired pulse. In yet a more complex embodiment, the signal can include a 

20 direction, giving both a magnitude and a sense for the pulse. In still a more complex 
embodiment, a local processor can be used to receive a simple command from the host that 
indicates a desired force value to apply over time. The microprocessor then outputs the force 
value for the specified time period based on the one command, thereby reducing the 
communication load that must pass between host and device. In an even more complex 

25 embodiment, a high-level command with tactile sensation parameters can be passed to the local 
processor on the device which can then apply the full sensation independent of host intervention. 
Such an embodiment allows for the greatest reduction of communication load Finally, a 
combination of numerous methods described above can be used for a single mouse device 10. 

Local memory 122, such as RAM and/or ROM, is preferably coupled to processor 1 10 in 
30 device 10 to store instructions for processor 110 and store temporary and other data. For 
example, force profiles can be stored in memory 122, such as a sequence of stored force values 
that can be output by the processor, or a look-up table of force values to be output based on the 
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current position of the user object. In addition, a local clock 124 can be coupled to the processor 
110 to provide timing data, similar to system clock 18 of host computer 12; the timing data 
might be required, for example, to compute forces output by actuator assembly 18 (e.g., forces 
dependent on calculated velocities or other time dependent factors). In embodiments using an 
appropriate communication interface, timing data for processor 1 10 can be alternatively retrieved 
from the communication interface. 

Sensors 1 12 sense the position or motion of the device 10 and/or a component thereof 
(e.g. a joystick 26, direction pad 18, or the housing in a mouse embodiment) in degree(s) of 
freedom and provides signals to processor 110 (or host 12) including information representative 
of the position or motion. Sensors suitable for detecting motion include digital optical encoders, 
as is well known to those skilled in the art. Optical sensor systems, linear optical encoders, 
potentiometers, optical sensors, velocity sensors, acceleration sensors, strain gauge, or other 
types of sensors can also be used, and either relative or absolute sensors can be provided. 
Optional sensor interface 1 14 can be used to convert sensor signals to signals that can be 
interpreted by the processor 110 and/or host computer system 12, as is well known to those 
skilled in the art. 



Actuator assembly 18 transmits forces to the housing 14, buttons, and/or other portions of 
the device 10 in response to signals received from microprocessor 110 and/or host computer 12, 
and is described in greater detail below. Many types of actuators can be used, including a rotary 
DC motors, voice coil actuators, moving magnet actuators, pneumatic/hydraulic actuators, 
solenoids, speaker voice coils, piezoelectric actuators, etc. The assembly may also include 
mechanisms or structure to assist the transmission of forces, such as a flexure. In many of the 
implementations herein, the actuator assembly has the ability to apply short duration force 
sensation on me housing or handle of the mouse. This short duration force sensation is described 
herein as a "pulse." The "pulse" can be directed substantially along an axis in the preferred 
embodiment In progressively more advanced embodiments, the magnitude of the "pulse" can 
be controlled; the sense of the "pulse" can be controlled, either positive or negative biased; a 
"periodic force sensation" can be applied to the housing, where the periodic sensation can have a 
magnitude and a frequency, e.g. a sine wave; the periodic sensation can be selectable among a 
sine wave, square wave, saw-toothed-up wave, saw-toothed-down, and triangle wave; an 
envelope can be applied to the period signal, allowing for variation in magnitude over time; and 
♦i. — f«~« eicmnl rsm he shaned. The neriod sensations can be "streamed" or conveyed 
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through high level commands that include parameters such as magnitude, frequency, and 
duration. 

Actuator interface 116 can be optionally connected between actuator assembly 18 and 
processor 110 to convert signals from processor 110 into signals appropriate to drive actuator 
assembly 18. Interface 38 can include power amplifiers, switches, digital to analog controllers 
(DACs), analog to digital controllers (ADCs), and other components, as is well known to those 
skilled in the art. 

Other input devices 1 18 are included in device 10 and send input signals to processor 110 
or to host 12 when manipulated by the user. Such input devices include buttons 16 and can 
include additional buttons, dials, switches, scroll wheels, or other controls or mechanisms. 

Power supply 120 can be included in device 10 coupled to actuator interface 116 and/or 
actuator assembly 1 8 to provide electrical power to the actuator; one preferred embodiment of 
such a power supply are batteries, described in greater detail below. Alternatively, power can be 
drawn from a power supply separate from device 10, or power can be received across a USB or 
other bus. Also, received power can be stored and regulated by device 10 and thus used when 
needed to drive actuator assembly 18 or used in a supplementary fashion. A safety switch 132 
can optionally be included to allow a user to deactivate actuator assembly 18 for safety reasons. 

FIGURE 3a is a side sectional view and FIGURE 3b is a top plan sectional view of the 
bottom portion of the gamepad device 10 shown in Fig. 1. Fig. 3b shows a cross section line 3a- 
3a for the view of Fig. 3a. For clarity, not all of the components in the device 10 are shown in 
Figs. 3a-3b. A transmitter/receiver 140 is shown, which can send and receive communication 
signals to and from the host 14. 

In each gripping projection 16a and 16b of the housing 14, an actuator assembly 18a 
and 1 8b can be coupled to the housing. In a preferred embodiment, each actuator assembly 1 6a 
and 1 6b includes an actuator and a flexure for oscillating an inertial mass linearly and generating 
haptic sensations on the housing 14. One example of an actuator assembly suitable for use with 
the present invention is described below with respect to Figure 4. In other embodiments, other 
types of actuator assemblies can be used. For example, an eccentric mass can be coupled to a 
rotary actuator and rotated or spun to provide inertial sensations on the housing. Other inertial 
masses can be rotated or linearly moved in a variety of other embodiments. 
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The two actuator assemblies 18a and 18b can preferably be operated in conjunction to 
provide a greater range and fidelity of haptic sensations. For example, due to the separation of 
the actuator assemblies in the grip extensions 16a and 16b, a "balance" parameter of the 
sensations can be controlled, so that a haptic sensation feels to the user as if it is positioned 
closer to the left or to the right of the device, as commanded by the host or local processor. A 

haptic sensation can also be actively "swept" or moved from left to right, or vice versa, across 

■ . 

the housing of the gamepad device. 

A power storage element, such as a battery 150, is positioned within the housing 14 to 
supply power for the interface device 10. As described above, one preferred embodiment for the 
device is a wireless communication device that allows information to be sent between the host 
computer and the device 10 without physical wires or cables. Such an embodiment may use a 
battery 150 to supply power to the actuator assemblies 18a and 18b as well as the other 
components of the device requiring power, such as a local processor, sensors, lights on the 
device, etc. Battery 150 can be the disposable form of battery, which the user must replace with 
a new battery when it expends all of its power; or battery 1 50 can be a rechargeable form of 
battery which the user can remove, recharge, and replace. Some embodiments can provide a 
convenient compartment door in the housing 14 to allow easy access to the battery 150 by the 
user. One or more batteries 150 can be provided in the device 10 for the desired amount of 
power. Other types of power storage elements that supply power may be used in other 
embodiments. 

Battery 150 can be a heavy component and thus may disadvantageous in an inertial 
haptic feedback device. The heaviness of the battery 150 can add to the overall mass of the 
device, which may weaken the strength of the inertial haptic sensations felt by the user. This is 
because inertial sensations are conveyed by moving an inertial mass with respect to an inertial 
ground (such as the inertial mass itself) rather than with respect to an earth ground Thus, the 
sensations are felt by the user when the housing 14 moves in space in reaction to the motion of 
the inertial mass. The less restricted the motion of the housing, the greater fee strength of the 
inertial sensations. The greater the mass of the housing, with a given size of inertial mass, the 
less strength the inertial sensations will have. This can be compensated for to some extent by 
increasing the size of the inertial mass until the desired strength of inertial sensations are output 
However, inertial masses of greater size require stronger actuators to drive them, which increases 
the cost and size of the entire device and may not be suitable for portable, wireless devices. 
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In the present invention, the effect of the battery 150 on the mass of the device is 
mitigated by providing a flexible or compliant coupling between the battery 150 and the housing 
14. For example, a layer 152 of compliant foam can be placed between battery 150 and housing 
14. Layer 152 allows the battery 150 to move at least partially independently of the housing 14, 
5 and thus inertially decouples the battery 150 from the housing 14. The layer 152 reduces the 
inertial contribution of the battery 150 to the system and allows the user to feel stronger tactile 
sensations with the given actuator assemblies 18a and 18b than if the battery 150 were rigidly 
coupled to the housing without layer 152. Thus, more compelling and efficient tactile sensations 
can be output using the device 10 of the present invention by providing a greater perceived 
10 magnitude of hap tic sensations for a given actuator size and strength. This is particularly 
effective for harmonically-generated vibration sensations. 

m 

Since many embodiments may allow a user to replace or change the battery 150 when it 
runs low of power, the battery 150 is preferably easily removable from the device 10. In one 
embodiment, an attachment member 154 can be coupled to the compliant layer 152. The battery 
15 150 can be removably attached to the attachment member by the user. For example, the 
attachment member can include braces, pegs, or other features which can securely hold the 
battery 150 to the layer 152, yet allow the user to remove the battery 150 with relative ease when 
desired. 

In other embodiments, the battery 150 may be recharged without the user having to 
20 remove it from the device housing. For example, the housing 14 can include a "docking port" or 
electrical connector 158 connected to a rechargeable battery 150 which allows the device 10 to 
be plugged into a mating connector (not shown) on a recharging power source device that is, for 
example, connected to a standard AC power outlet Thus, when the battery 150 runs low on 
power, the user can simply plug the device 10 into the connector on the recharging station, which 
25 recharges the battery 150. In such an embodiment, the battery 150 can be directly connected to 
the compliant layer 152; or, the attachment member 154 can still be included to allow removal of 
the battery when the rechargeable battery can no longer hold a charge. 

hi alternate embodiments, other types of compliant or flexible couplings can be used 

* 

instead of a foam layer 152. Other elastic or compliant layers can be used, for example, such as 
30 a rubber layer or member. In some embodiments, a spring element can be coupled between 
battery 150 and housing 14, such as a leaf spring. 
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In addition, other heavy components included in the housing 14 may increase the mass 
of the device 10, thus reducing the strength of the tactile sensations output by actuator 
assemblies 1 8a and 1 8b. Such components may also be provided with a compliant coupling to 
the housing 14. For example, a heavy sensor or switch, transceiver, digital controller, electronic 
5 component, etc. can be coupled to the housing by a compliant or flexible member. 

FIGURE 4 is a perspective view of one embodiment of an actuator assembly 200 suitable 
for use as assembly 1 8a or 1 8b shown in Figs. 3a-3b. 

The assembly 200 can be coupled to the inside of the housing of an interface device 10, 
such as the inner housing surface of a grip or extended portion 16 of a gamepad device as shown 
10 in Figs. 3a-3b, or to a housing portion of a mouse. An actuator can be chosen which has the 
dimensions to fit into a desired space. 

The assembly 200 is operative to output linear oscillating inertial forces substantially 
along the x-axis 201 shown in Fig. 4. Since the assembly 200 outputs forces substantially 
linearly along a single axis, the assembly can be positioned so that the forces are directed along a 
15 desired axis. For example, in a gamepad device, the x-axis 201 can be oriented so that forces are 
output the direction perpendicular to the horizontal plane of the gamepad in which the device is 
generally held. For a mouse device, the forces can be output along a vertical axis perpendicular 
to the plane of mouse movement, for example. 

Actuator assembly 200 includes an actuator 206 and a flexure mechanism ("flexure") 
20 208. In the preferred embodiment, the actuator 206 acts as an inertial mass, so that a separate 
inertial mass is not required. Actuator 206 can be a rotary DC motor, as shown, and can be 
energized to rotate a shaft 210. 

Flexure mechanism 208 includes two separated portions 212 and 214, where each portion 
is placed on an opposite side of the actuator 206. Each portion 212 and 214 can be a single, 

25 unitary piece made of a material such as polypropylene plastic or other flexible material. The 
portions 212 and 214 are each grounded to the interface device housing (or other grounded 
member) by screws 216. Flexure portion 212 includes a rotating member 218, a flexure joint 
220, and a grounded member 222. Rotating member 218 is rigidly coupled to the rotating shaft 
210 of the actuator 206. Flexure joint 220 couples the rotating member 218 to the grounded 

30 member 222. The portion 212 can include a clockwise stop 224 coupled to the ground member 
222, a stop 226 coupled to the rotating member 226 that engages the stop 224, a 
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counterclockwise stop 228 coupled to the grounded member 222, and a stop 230 coupled to the 
rotating member 218 that engages the stop 228. The grounded member 222 is rigidly attached to 
a ground surface (e.g. the device housing) by a screw 216 or other equivalent fastener. 

Flexure portion 214 includes a collar 240, a linking member 242, an intermediate 
5 member 246, and a ground member 250. The collar 240 is fitted on the end of the actuator 206 
to firmly grip the actuator housing. The linking member 242 is rigidly coupled to the collar 240, 
and the intermediate member 246 is coupled to the linking member 242 by a flex joint 244. The 
intermediate member is coupled at its other end to the ground member 250 by another flex joint 
248. The ground member 250 is rigidly attached to the ground surface by a screw 216 or other 
1 0 equivalent fastener. 

The actuator assembly 200 operates as follows. The actuator 206 rotates the shaft 210 
harmonically according to a control signal, such as a sine wave, square wave, etc. When the 
shaft 210 is rotated clockwise about an axis A (viewing the shaft from the portion 212 side) by 
the actuator, the rotating member 218 also rotates in that direction. The flex joint 220 is made 
15 thin in the z-dimension to allow this rotation and allows the actuator 206, shaft 210 and rotating 
member 220 to linearly move in the direction approximately toward the stop 224. Flex 248 
channels the motion of the flexure into the desired x-axis motion. At some point, the stop 226 
on the rotating member engages the stop 224 so that no further clockwise rotation is allows. 

When the shaft 210 is rotated counterclockwise about axis A by the actuator, the rotating 
20 member is also rotated counterclockwise. The flex joint 220 allows the rotating member 21 8 to 
rotate away from the stop 224, and also allows the rotating member 218, shaft 210 and actuator 
206 to translate away from the stop 224. The flex joint 244 of the flexure portion 214 allows the 
actuator 206 to move along the x-axis in this fashion. The flex joint 248 allows the small 
amount of z-axis motion of the actuator. At some point, the stop 230 on the rotating member 
25 engages the grounded stop 228 so that no further counterclockwise rotation is allowed. 

In the preferred operation, the actuator 206 is operated in only a fraction of its rotational 
range when driving the rotating member 218 in two directions, allowing high bandwidth 
operation and high frequencies of pulses or vibrations to be output By quickly chan g ing or 
oscillating the rotation direction of the actuator shaft 210, the actuator can be made to oscillate 
30 along the x-axis and create a vibration on the housing with the actuator 206 acting as an inertial 
mass. A variety of tactile sensations can be output to the user with the present invention, many 
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of which are described in U.S. Patent No. 6,211,861. Id addition, the flex joints included in 
flexure portions 212 and 214, such as flex joints 220 and 244, act as spring members to provide a 
restoring force toward the origin position (rest position) of the actuator 206. 

In the preferred embodiment, the actuator 206 itself acts as the inertial mass that is driven 
5 in a particular axis. In other embodiments, however, an actuator and a separate inertial mass can 
be coupled to a flexure to provide the inertial sensations. In still other embodiments, an inertial 
mass can be driven rotationally. For example, an eccentric mass can be coupled to a rotating 
shaft of a rotary motor or other rotary actuator and rotated (spun) to provide inertial sensations 
on the housing of the interface device. 

10 Inertial forces caused by the motion of the inertial mass are applied to the device housing 

with respect to the inertial mass (i.e. the inertial mass acts as an inertial ground) instead of with 
respect to an earth ground, thereby conveying haptic feedback such as tactile sensations to the 
user who is contacting the housing. Actuator 206 is preferably a DC motor, but can be a 
different type of rotary actuator in other embodiments, such as a moving magnet actuator, a 

15 pneumatic/hydraulic actuator, a torquer, shape memory alloy material (wire, plate, etc.), a piezo- 
electric actuator, etc. 

FIGURE 5 is a perspective view of a lower portion embodiment of a mouse device 300 
suitable for use as device 10 in the present invention (an upper portion of the housing is shown 
as dashed lines). Mouse 300 can be used to input x- and y- coordinate data to a host computer by 
20 moving the mouse in an x-y planar workspace on a tabletop, desk, mousepad, or other flat 
surface. 

Mouse 300 includes an optical sensor device 302, which in the preferred embodiment 
includes an emitter 304 and detector 306. The emitter 304 emits a beam of electromagnetic 
radiation, such as infrared or visible light, and the beam is reflected to the detector 306 when the 
25 mouse is positioned on a surface. The detector 306 allows the x-y motion of the mouse to be 
tracked and sent as locative information to the host computer. 

A wireless transmitter/receiver 316 can be provided on a preferred embodiment of mouse 
300 to transmit locative information and receive wireless electromagnetic signals, such as 
infrared or radio signals in a beam 320. The mouse transmits locative information and button 
30 information, and receives status, haptic feedback, and other command information from the host 
12. Hie beam 320 can be received and sent on the host side by a host transmitter/receiver 318 
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which is connected to host 12. Other embodiments of the mouse may use a wire or cable to 
communicate information to and from the host. 

An actuator assembly 308 is coupled to the housing 310 of the mouse for outputting 
inertial sensations on the housing of the mouse 300. Actuator assembly 308 can be similar to 
assembly 200 of Fig. 4 in some embodiments. In other embodiments, as shown in Fig. 5, an 
actuator assembly including a single-piece flexure connected to a motor can be used. This 
embodiment of an actuator assembly is shown in greater detail with reference to Fig. 6. The 
assembly 308 can output inertial forces in the z-direction, perpendicular to the plane of motion of 
mouse 300. This is a preferred direction for the sensations since forces in the z-direction will not 
interfere with the motion or sensor output of the mouse in the x- and y-directions. Furthermore, 
since the tactile sensations are directed in a third degree of freedom relative to the two- 
dimensional mouse planar workspace and display screen, jolts or pulses output along the Z-axis 
feel much more like three-dimensional bumps or divots to the user, increasing the realism of the 
tactile sensations and creating a more compelling interaction. For example, an upwardly- 
directed pulse that is output when the cursor is moved over a window border creates the illusion 
that the mouse is moving "over" a bump at the window border. Alternatively, directed inertial 
forces can be output along other axes in the planar workspace of the mouse and can be 
compensated for to prevent or reduce interference with the user's control of the device. For 
example, an eccentric spinning mass provides inertial forces in several directions in the plane of 
rotation of the mass. 

The mouse can include a flexible layer 312 attached to its underside, which positions the 
layer 312 between the mouse housing 310 and the surface 314. The flexible layer 312 allows the 
housing 310 to move with respect to the surface 314, so that the inertial sensations output from 
the actuator assembly 308 feel stronger to the user. For example, the layer 312 can be made of 
rubber, foam, or other compliant material, and can have a smooth surface to promote sliding of 
the mouse on surface 314. Alternatively or additionally, flexible hinges or connecting members 
can couple the two halves of housing 310. In other embodiments, the layer 312 need not be 
physically attached to the mouse housing 310, but can be a separate compliant mouse pad or 
other separate compliant or flexible layer or member. 

Mouse 300 also includes one or more batteries 322, which can be of a variety of forms, 
such as disposable, rechargeable, etc., as explained above for battery 150. As in the embodiment 
of Figs. 3a-3b, the batteries 322 are coupled to the mouse housing 310 by a compliant layer 324, 
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which can be made of foam, for example, or other compliant or flexible materials as described 
above with reference to Figs. 3a-3b. Layer 324 allows the batteries 322 to be inertially 
decoupled from the mass of the mouse, allowing haptic sensations of greater magnitude to be 
output, similarly as explained for device 10 above. Other compliant/flexible members can be 
used in other embodiments, as described above. In some embodiments, a special compartment 
cover or other access mechanism can be provided to allow the user to access the batteries 322 to 
recharge or exchange them; or, the mouse 300 can be plugged into a recharging docking station 
to recharge the batteries, as described above with reference to Figs. 3a-3b. Furthermore, an 
attachment member, similar to the attachment member 154 of Fig. 3a, can be coupled to the 
compliant layer 324 and removably attached to the batteries 322 to allow easy removal and 
reattachment by the user. As with the device 10, the compliant layer 324 can be made of a 
material such as foam or rubber, or can be a physical spring or other flexible member or device. 

FIGURE 6 is a perspective view of one example of an actuator assembly 350 suitable for 
use with the device 10 or the mouse 300. Actuator assembly includes a grounded flexure 360 
and an actuator 366 coupled to the flexure 360. The flexure 360 is preferably a single, unitary 
piece made of a material such as polypropylene plastic ("living hinge" material) or other flexible 
material. Flexure 360 can be grounded to the mouse housing 310, for example, at a bottom 
portion. 

Actuator 366 is shown coupled to the flexure 360. The housing of the actuator is coupled 
to a receptacle portion 362 of the flexure 360 which houses the actuator 366 as shown. A 
rotating shaft 364 of the actuator is coupled to the flexure 360 and is rigidly coupled to and 
rotates a central rotating member 370 about axis B. Rotating member 370 is coupled to a first 
portion 372a of an angled member 371 by a flex joint 374. The first portion 372a is coupled to 
the grounded portion 380 of the flexure by a flex joint 378 and the first portion 372a is coupled 
to a second portion 372b of the angled member by flex joint 382. The second portion 372b, in 
turn, is coupled at its other end to the receptacle portion 362 of the flexure by a flex joint 384. 

Forces output by the actuator 366 are transmitted to the moveable receptacle portion 362 
and to the inertia! mass, which in this embodiment is the actuator 366. The actuator 366 is 



operated in only a fraction of it 
directions, allowing high frequ< 



allows the receptacle portion 322 (as well as the actuator 66) to move approximately linearly in 
the z-axis in response to motion of the portions 332a and 332b. A flex joint 390 is provided in 
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the first portion 372a of the angled member 371 to allow the flexing about flex joint 392 in the z- 
direction to more easily occur. By quickly changing the rotation direction of the actuator shaft 
324, the actuator/receptacle portion can be made to oscillate along the z-axis and create a 
vibration on the mouse housing with the actuator 66 acting as an inertial mass. In addition, the 
5 flex joints included in flexure 360 act as spring members to provide a restoring force toward the 
origin position (rest position) of the actuator 366 and receptacle portion 362. 

FIGURE 7 is a side elevational view of an embodiment 400 of a device in which one or 
more batteries are used as the inertial mass in a haptic feedback device. Device 400 is shown as 
a mouse having a mouse housing 402. A sensor 404 for detecting motion of tide mouse and for 

1 0 providing x- and y- locative information to the host computer is shown as a ball sensor including 
a ball 406 and multiple rollers 408 frictionally engaged with the ball 406. The ball engages the 
surface 403 to roll when the mouse is moved, thereby moving the rollers 408 and allowing 
optical encoder sensors to detect the movement, as is well known to those of skill in the art 
Alternatively, an optical sensor as described with reference to Fig. 6 can be used. A wireless 

15 transmitter/receiver 409 can be included to communicate with the host computer as described 
with reference to the embodiment of Fig. 6; alternatively, a cable can be used. 

Mouse 400 also includes an actuator assembly 410, which includes a stationary driving 
portion 412 and an inertial mass 414, which in the present embodiment is a battery, but may be 
other types of power storage elements. Battery 414 can be coupled to contacts to allow power to 

20 be provided to the driving portion 412. Preferably, the battery can be easily removed and 
replaced by a user. The battery 414 is oscillated linearly along axis C (parallel to the z-axis, 
preferably, but not essentially), similarly to other inertial masses in inertial haptic feedback 
devices to provide inertial forces on the housing of the device 400. For example, a sine wave or 
other harmonic drive signal can be used to drive the mass harmonically in two directions. 

25 Preferably, a small battery is used so that a smaller-sized actuator can be used to drive the mass. 
Actuator assembly 410 can include a voice coil linear actuator, a DC rotary actuator and flexure 
as described above, or other type of actuator, the operation of which is well known to those of 
skill in the art. The actuator assembly 410, or other assembly using one or more batteries as an 
inertial mass, can also be used in the device 10 of Figs. 3a and 3b to provide inertial tactile 

30 sensations to the user. 

While this invention has been described in terms of several preferred embodiments, it is 
contemplated that alterations, permutations, and equivalents thereof will become apparent to 
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those skilled in the art upon a reading of the specification and study of the drawings. For 
example, many different types of actuators can be used to output inertial tactile sensations to the 
user. Furthermore, many of the features described in one embodiment can be used 
interchangeably with other embodiments. Furthermore, certain terminology has been used for 
the purposes of descriptive clarity, and not to limit the present invention. 

What is claimed is: 
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CLAIMS 

1. A haptic feedback device in communication with a host computer implementing a 
host application program, the device comprising: 

a housing that is physically contacted by said user; 

5 a sensor device coupled to said housing of said device, said sensor device detecting a 

movement of a manipulandum or said housing and outputting sensor signals representative of 
said movement; and 

an actuator coupled to said housing of said tactile feedback device, said actuator 
operative to output an inertial force, wherein said inertial force is generated by moving an inertial 
10 mass, said inertial force transmitted through said housing to said user contacting said housing; 
and 



a power storage element coupled to said housing and providing power to said actuator 
and to said sensor device, said power storage element being inertially decoupled from said 
housing to reduce the mass of said haptic feedback device with respect to said inertial mass, 
15 thereby allowing stronger haptic sensations to be experienced by said user for a given size of said 
inertial mass. 



2. A haptic feedback device as recited in claim 1 wherein said power storage element is 
at least one battery. 

20 3. A haptic feedback device as recited in claim 2 wherein said power storage element is 

coupled to said housing by a compliant layer or member. 

4. A haptic feedback device as recited in claim 3 wherein said compliant layer or 
member is a layer of foam coupled between said at least one battery and said housing. 

5. A haptic feedback device as recited in claim 4 further comprising an attachment 
25 member coupled between said foam and said battery, wherein said battery may be detached from 

said attachment member by said user. 
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6. A haptic feedback device as recited in claim 1 wherein said compliant layer or 
member is a spring member. 

7. A haptic feedback device as recited in claim 4 wherein said battery is rechargeable. 

8. A haptic feedback device as recited in claim 4 further comprising a connector coupled 
to said housing and electrically coupled to said at least one battery, said connector capable of 
being connected to a recharging device to allow said battery to be recharged when power has 
been drained from said battery. 

9. A haptic feedback device as recited in claim 1 wherein said sensor signals are 
provided to said host computer via wireless transmission, and wherein said haptic feedback 
device receives information from said host via wireless reception. 

10. A haptic feedback device as recited in claim 9 wherein said wireless transmission 
and reception is implemented via radio signals. 

11. A haptic feedback device as recited in claim 1 wherein said inertial mass is oscillated 
harmonically with a harmonic drive signal. 

12. A haptic feedback device as recited in claim 1 wherein said inertial mass is moved 
linearly. 

13. A haptic feedback device as recited in claim 1 wherein said inertial mass is a 
spinning eccentric mass. 

14. A haptic feedback device as recited in claim 1 wherein said actuator is moved as said 
inertial mass. 

15. A haptic feedback device as recited in claim 14 wherein said actuator is coupled to a 
flexure, said flexure including at least two flex joints. 

16. A haptic feedback device as recited in claim 1 wherein said haptic feedback device is 
agamepad. 

17. A haptic feedback device as recited in claim 16 wherein said actuator is a first 
actuator and said inertial mass is a first inertial mass, and further comprising a second actuator 
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that moves a second inertia] mass, wherein said first and second actuators may be operated in 

- 

conjunction. 

■ 

1 8. A haptic feedback device as recited in claim 1 wherein said haptic feedback device is 
a mouse. 

5 19. A haptic feedback device as recited in claim 18 wherein said actuator, outputs said 

inertial force along a z-axis substantially perpendicular to a planar workspace of said mouse. 

* 

20. A haptic feedback device as recited in claim 19 wherein said inertial force is 
correlated with a graphical representation displayed by said host computer, wherein a position of 
said mouse in said planar workspace corresponds with a position of a cursor displayed in said 

10 graphical representation. 

21. A haptic feedback device in communication with a host computer implementing a 
host application program, the device comprising: 

a housing that is physically contacted by said user; 

15 a sensor device coupled to said housing of said device, said sensor device detecting a 

movement of a manipulandum or said housing and outputting sensor signals representative of 
said movement; and 

an actuator coupled to said housing of said tactile feedback device, said actuator 
operative to output an inertial force to said user contacting said housing by moving an inertial 
20 mass; and 

a component coupled to said housing by a compliant layer or member, said component 
being inertially decoupled from said housing to reduce the mass of said haptic feedback device 
with respect to said inertial mass, thereby allowing stronger haptic sensations to be experienced 
by said user. 

25 22. A haptic feedback device as recited in claim 20 wherein said component is a power 

storage element. 
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23. A haptic feedback device as recited in claim 21 wherein said compliant layer or 
member is a layer of foam coupled between said at power storage element and said housing; 

24. A haptic feedback device as recited in claim 20 wherein said sensor signals are 
provided to said host computer via wireless transmission, and wherein said haptic feedback 

5 device receives information from said host via wireless reception. 

25. A haptic feedback device as recited in claim 20 wherein said inertial mass is 
oscillated harmonically with a harmonic drive signal. 

26. A haptic feedback device as recited in claim 20 wherein said inertial mass is moved 
rotationally. 

10 27. A haptic feedback device as recited in claim 20 wherein said actuator is moved as 

said inertial mass. 

28. A method for providing haptic feedback to a user interacting with a graphical 
environment displayed by a host computer, the user manipulating an interface device, the method 
comprising: 

15 enabling a detection of motion of said interface device or a manipulandum thereof and 

enabling a provision of an indication of said motion to said host computer; 

enabling a reception of information from said host computer indicating that a tactile 
sensation is to be output, said tactile sensation being correlated with an interaction or event 
occurring within said graphical environment; and 

20 enabling an output of an inertial force with respect to an inertial ground on a housing of 

said interfece device, said inertial force caused by oscillating an inertial mass coupled to an 
actuator, wherein said inertial force is transmitted through said housing and said user can contact 
said housing and experience said inertial force, wherein a mass of a power storage element 
included in said interlace device is inertially decoupled from said housing of said interface 

25 device. 

29. A method as recited in claim 28 wherein said power storage element is inertially 
decoupled by providing a compliant layer or member between said power storage element and 
said housing. 
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30. A method as recited in claim 28 wherein said actuator moves said inertial mass 
bidirectionally along an axis to cause said inertial force along said axis. 

31. A method as recited in claim 30 wherein said inertial force is correlated with an 
interaction between a user-controlled cursor and a graphical object displayed in said graphical 
environment. 

32. A method as recited in claim 28 wherein said inertial force is a periodic force 
sensation. 

33. A method as recited in claim 32 wherein said periodic force sensation has at least 
one of a frequency and a magnitude which can be specified by said host computer. 

34. A method as recited in claim 32 wherein a sequence of force values to be output as 
said periodic inertial force is streamed from said host computer to said interface device. 



35. A tactile feedback device in communication with a host computer implementing a 
host application program, the tactile feedback device comprising: 

a manipulatable object that is physically contacted and moved by said user; 

sensing means for detecting said movement of said manipulatable object, said sensing 
means outputting sensor signals representative of said movement, wherein a position or motion 
of said manipulatable object is determined from said sensor signals and used by said host 
computer; and 

force generation means for outputting an inertial force with respect to an inertial ground, 
wherein said inertial force is generated by oscillating an inertial mass approximately along said 
axis with respect to said housing, said inertial force transmitted through said housing to said user 
contacting said housing; and 

power means for providing power to said force generation means, said power means 
being inertially decoupled from a housing of said tactile feedback device for reducing the mass 
of said tactile feedback device with respect to said inertial mass, thereby allowing stronger haptic 
sensations to be experienced by said user. 
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